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1 

METHOD AND APPARATUS FOR WETTING FIBROUS MATERIAL 

The present invention refers to a method and an apparatus 
for wetting fibrous material as stated in the preamble of 
appended independent claims 1 and 9. 

5 

Waste paper, from which cellulosic fiber material is to be 
reused, is processed to separate and recover clean fibers 
therefrom. Waste paper includes besides cellulosic fibers 
different types of contaminants, such as plastic, aluminum 

10 foils or wax used in layered paper or board, inks used in 
printing paper and also common dirt. The fibrous material 
in waste paper includes air between fibers, as well as, 
within the fibers themselves. Containers made of milk 
carton board and liquid carton board, i.e. layered material 

15 combining cellulosic fiber material with e.g. plastic 
material and/or Al-foil material, form a huge amount of 
waste material which needs to be recycled. 

Typically waste paper mixed with a wetting agent is treated 
20 mechanically in a pulper or a slusher in order to 
disintegrate the paper and soak the fine paper material, 
fibrous material, until the fibers are sufficiently swollen 
to be separated. 

25 The paper material may be soaked as long as it takes for 
all fibers therein to be completely wetted so that they may 
be washed or separated from any other material present in 
the paper, e.g. plastic, Al-foils, wax, ink etc. A long 
treatment, however, also tends to break or cut any non- 
30 fibrous material present in the waste paper into very fine 
particles, which fine non-fibrous particles are hard to 
separate from the cellulosic fibers. The particles are 
discharged with the accept fibers and transported to the 
next processing stage of the fibers which are to be 
35 recycled. Particularly plastic particles or Al-particles 
tend to cause severe problems in any such subsequent 
processing stage. 
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2 

The beating treatment in a pulper also tends to affect the 
fibrous material itself. Long good quality fibers tend to 
break during the treatment, which leads to a decreased 
recycled fiber quality, 

5 

In order to prevent good quality fibers from being affected 
by the treatment and fine non-fibrous material (Al-foil or 
plastic) from entering subsequent processing stages the 
waste paper may be processed very gently and only for a 

10 short time period in the pulper. Such gentle treatment 
during a short time period only, however, leads to a very 
limited capacity of the recycling process. Up to 35 % of 
the fiber material may remain unseparated and be discharged 
with the non-fibrous material without being recycled. This 

15 leads to increased cost of waste treatment. It is not only 
the fiber material mixed with e.g. Al-material which 
becomes impossible to use, it seems that also the Al- 
material becomes impossible to recover. 

20 It is therefore an object of the present invention to 
provide an improved method and apparatus for wetting 
fibrous material in order to recover a maximal amount of 
good quality fibers. 

25 It is particularly an object of the present invention to 
provide a method and an apparatus according to which 
fibrous material may be very rapidly separated from non- 
fibrous material, with a minimum deteoriation of the fiber 
material and with a maximal separation of contaminants. 

30 

It is also an object of the present invention to provide a 
method and an apparatus which provides an efficient wetting 
of fibrous material, such as cellulosic pulp in order to 
provide an efficient way of treating the fibrous material 
35 with desired additives, such as coloring agents, bleaching 
agents, surface tension decreasing agents or fire proofing 
agents or agents rendering the fibrous material hydrophilic 



5 
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or hydrophobic properties. 

A typical sethod for M ( material such 

coarsely shredded uaste ^ ^ -ch - 

::~ g the flbroua ° ateriai int ° * — 

(b> introducing wetting flula into ^ ^ 

enclosure and allowing the fibrous material to be 
wetted by the wetting fluid; 

(o) discharging a auspenoion of wetted fibrous 



20 (e) 



W decreasing the pressure withi n the wetting 

enclosure during step (a) or step * 
pressure p x and 



after step (d, increasing the pressure within the 
wetting enclosure to a pressure p 2 „ hile keeplng 

nuid! r °" S Mteri " 1 i "™ ersed in the 

a Zt " ta «~*«My OeoreaLd to 

wet ";Tc 1 COrreSP ° nC,in9 t0 1 - " » wster colusn. The 
wetting enclosure is thereby a vessel «^ *-k 
•» n t.. , , r a vessel or the vacuum vessel 

Prls'sur V° UithSt *" d ^ ~ d ' Sire<J - — «— r c. 
present i'T ^ *" «— 
^ 6 PaPer ' air " ithln tte "*« »aterial 

Holl" 7 0,in ^ " berS itSe "" to - «*- -t 

35 w^in the fOC " ea WltM " thS flb ~ and 

within the fibers collapse. The fiber -aterial, which at 

^.beginning of the wetting process say have been floating 
on the surface of the wetting f luid ls 
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4 

into the fluid. 

Vacuum or low pressure may be established very rapidly, 
within a few seconds almost instantly, with a vacuum pump 
5 or other similar equipment known per se. The vacuum or low 
pressure is induced only for the very short period which it 
takes for air to be discharge from the fiber material as 
desired. As soon as the fibrous material is suitably 
immersed in the wetting fluid pressure is very rapidly 
10 increased in the wetting enclosure e.g. by allowing water 
or air to flow into the enclosure, the fibrous material 
being still immersed in the wetting fluid. 

The increased pressure on the wetting fluid forces fluid to 
15 flow into collapsed empty spaces within the fibers and 
other cavities from which air was sucked out during the 
vacuum or low pressure treatment stage. Fibers swell 
rapidly as fluid penetrates into the fibers between 
different layers therein. The rapid swelling of fibers 
20 loosens the fibers from any non-swelling material, such as 
plastic or Al-foil material, to which the fibers may be 
bound to. 

Steps (d) and (e) are preferably repeated at least once, 
25 more preferably several times. This can easily be done as 
the time span of steps (d) and (e) is very short. The 
decreasing and increasing of the pressure within the 
wetting enclosure may take place within an interval of < 1 
minute, preferably < 30 seconds, most preferably < 10 
30 seconds. 

The present invention may be applied on a batch process or 
a continuous process, in a typical batch process a batch of 
the fibrous material is introduced into a wetting enclosure 
35 whereafter the pressure in the wetting enclosure is 
decreased and wetting fluid is introduced into the 
enclosure. Immediately thereafter the pressure in the 
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5 

enclosure is allowed to rise e a 1-0 +u 

pressors le vei. „ h ere by ^tW^is^ I ~c 

spaces and cavities in «-», *-w lnto holl °w 

avirxes ln the fibrous material fv™. „k.- w . 
was sucked out during the vacuum treatment t 7 
5 penetrating i„ to the fibers ^ ^ »■ Jl«d 

thereby come loose from any material not subiect ed V 
sxmilar swelling. subjected to 

If desired the wetting agent may be introduced in*. ^ 
10 wetting enclosure before the vacuum 

a batch of the fibrous material and wetting fluid 
introduced into a wetting enclosure whereafter th 
in the wetting enclosure is decreased Ta des ired ZZTT 
suck out air from the fibrous material. 

15 pressure in the enclosure is allowed to rise again to . 

wettina fn«^ 4- again to force 

*£Z 3Uokea int ° holl °" *» «- 

- a now of fibrous material and a flo» of wettino • 
contWusay fed into a first wetting J^^" 
pressors Pl therei „, ln „ hich enolo ^ he a 

out of the fibrous material, 

wa«il l0 f lu 0 / fl miX °* Va ° U °" treatea -torial ana 

wettm, f luia ls oo^i,,^^ £ed fron 

Loiad°" °* mix * > f ibrous Mteriai a ° d 

35 enclosure into a separator in wnich accepted f ioer Serial 
^separated fro. contaminants. .... non-fiorous materia 
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- a flow of a suspension of accepted fiber material and 
wetting fluid is discharged from the separator separately 
from a flow of contaminants. 

5 If desired a flow of mixed partly wetted fibrous material 
and wetting fluid may be introduced from the second 
enclosure into a third enclosure for a second vacuum 
treatment stage and further from the third enclosure into 
a fourth enclosure having a higher pressure therein than 

10 the pressure in the third enclosure. A flow of mixed fully 
wetted fibrous material and wetting fluid is then 
discharged into a separator* If needed the fibrous material 
may be transported through more than two consecutive vacuum 
treatment stages, e.g. 3 to 5 different vacuum stages and 

15 corresponding higher pressure stages therebetween, until 
the fibrous material is sufficiently wetted. 

A continuous wetting process may be performed as described 
-by transporting a flow of fibrous material through e.g 3 to 
20 10 separate consecutive treatment vessels. Wetting fluid or 
other fluid may be added into the flow during any of the 
separate stages or material may be discharged from any of 
the separate stages. 

25 A continuous wetting process may on the other hand be 
performed in a single vessel divided into separate pressure 
tight compartments through which a flow of fibrous material 
and wetting agent is forced to flow. A vessel of a screw 
conveyor type could be used. 

30 

The present invention is described in more detail in the 
following with reference to the accompanying drawings in 
which 

FIG. 1 shows schematically a wetting treatment apparatus 
35 according to the present invention during filling 

thereof ; 

FIG. 2 shows the wetting apparatus in FIG. l during a 
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FIG. 3 

5 FIG. 4 
FIG. 5 



vacuum treatment stage; 

shows the wetting apparatus in FIG. i after the 
vacuum treatment stage when pressure has been 
rapidly increased in the enclosure- 
shows the wetting apparatus in FIG. i during the 
discharging stage and 

shows schematically another wetting apparatus in 
which fibrous material may be continuously wetted. 

10 FIG. i shows a wetting enclosure 10, for wetting a fibrous 
material, such as waste paper, particularly liquid carton 
board, during the filling of ^ enclosure. Coarsely 
shredded waste paper, in bits having a length and width of 
eg. 1 - 20 cm, preferably about 10 cm, is introduced into 
15 the wetting enclosure io through a conduit 12, a valve 14 
therexn being open. Wetting fluid, typically water, is 
introduced through a conduit 16, a valve 18 therein being 
open. An additive, such as surface tension decreasing 
agent, wetting agent or any other suitable agent desired 
20 may be added to the water. The wetting enclosure is filed 
until the waste paper and wetting fluid almost fill the 
wetting enclosure. The fibrous material partly floats on 
the surface of the wetting fluid. 

25 A vacuum pump 20 is connected to the enclosure through a 
conduit 22. The conduit 22 is closed by valve 24 during the 
filling stage. A discharge conduit 26 is connected to the 
bottom of the wetting enclosure in order to discharge 
wetted fibrous material and wetting fluid therethrough into 

30 a vessel 28 arranged below the wetting enclosure. A valve 
30 in the conduit is closed to prevent material from being 
discharged from the wetting enclosure during the fillina 
stage. "* * 

35 Valves 14 and 18 are closed when the enclosure 10 is filled 
to a suitable level with a mixture of fibrous material and 
wetting fluid valves. The fibrous material, bits of waste 
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paper 32 or similar, is at least partly floating on the 
surface of the wetting fluid. 

FIG. 2 shows the apparatus during the vacuum treatment 
5 stage. Valves 14, 18 and 30 are closed and a vacuum 
corresponding to about 1 - 10 m water column is provided by 
the vacuum pump 20 as the valve 24 in conduit 22 is opened. 
Air is sucked out of the wetting enclosure 10. Air is 
thereby also sucked out from the air containing fibrous 

10 material 32 and the individual fibers in the enclosure. 
Cellulosic fibers contain small amounts of air within the 
fiber, between different layers of the fiber, which may be 
sucked out. Hollow spaces thereby collapse and fibers and 
paper bits shrink. It is schematically shown in PIG. 2 

15 pieces of paper 32 that have shrunk compared to the pieces 
of paper shown in FIG. 1. The vacuum pressure or low 
pressure level needed is achieved in a very short time 
period, which may be only some seconds, depending on e.g. 
the efficiency of the vacuum pump and the air volume to be 

20 sucked out of the wetting enclosure. 

As soon as enough air has been sucked out of the fiber 
material and the material has collapsed and become totally 
immersed in the wetting fluid valve 24 is closed and the 
25 pressure is allowed to rise again in the enclosure. The 
pressure may be raised by allowing additional wetting fluid 
to flow into the enclosure or by opening a venting valve 33 
shown in FIG. 3. 



30 Pressure increase forces wetting fluid to flow into the 
hollow spaces, formed in the fibrous material and in the 
individual fibers, during the vacuum treatment as air was 
sucked out. The hollow spaces deformed and collapsed during 
the vacuum treatment, now strive to take their original 

35 form by filling the collapsed emptied spaces. As the 
fibrous material is totally immersed in the wetting fluid 
an increase in pressure will force wetting fluid to fill 
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the empty spaces. 

The pressure , is increase very rapidly in the enclosure in 
order to achieve a sudden "explosive" reformation of th" 

.ith Z """" ^ " b ~ oavittes « *- filled 

fi^r T' *** "™ — «"«■• "etted 

fiber, become flexibi. and easy to loosen from surrounding 
materxal without breaking the fiher or breaking tTnon! 
frbrous material to whioh the fibers „. r . 

or fiber bundles 34 have been loosened from the fibrous 
material, whereas non-fihrous material, suoh as IT 
Plastic Al-foil or similar material, remains almost in its 
origmal s 12 e. i.e. in large bits of pieces 36. 

15 

wetting fl uid penetrates very rapidly into the fibrous 
material, e.g. within a few seconds, whereafter the fixture 
of f xbrous material and wetting fluid n,ay be discharged as 
shown an Flo. 4 by opening valve 3Q ^ ^ ^ 

to dxscharge vessel 28 . Fro* the discharge vessel the 
mxxture »ay be transferred to a separator (not shown, in 
whxch non-fxbrous large size mat erial *ay easily be 
separated fro* the suspension of fine separate fibers and 
wettxng fluid • 



20 



25 



in order to i mpro ve the wetting and swelling of the fibers, 
processes in FIG. 2 and 3 may be repeate<J> . e 
induced a second ti n e in the enclosure for sucking out 
addxtxonal air, whereafter pressure is allowed to raise 
agaxn xn the enclosure. Subsequent vacuum and pressure 
rxsxng steps *ay if desired be performed in a separate 
second, thxrd and fourth enclosures. 

The vacuum and pressure steps *ay be repeated as .any tia.es 
35 as necessary, it may be necessary to perfor* the wetting in 
several subsequent steps particularly if air is prevented 
from being completely or to a desired degree sucked out 
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from fibrous material. This is e.g. the case when wetting 
liquid carton board in which fibrous material is covered on 
both sides by tight e.g. plastic or Al-foil material. 
Fibers are dislodged layer by layer from the borders of the 
5 pieces of the layered paper material as air is only sucked 
out from the outermost layers during each vacuum step, it 
may help to rupture or pick holes in the tight covering 
layers before introducing the material into the wetting 
enclosure, in order to achieve more starting points for the 
10 wetting process. 



20 



The wetting process shown in FIGS. 1 - 4 is a batch 
process. The present new method may, however, be used 
continuously, as well, as shown in FIG. 5. Fibrous material 
15 is continuously introduced through a conduit 12 and wetting 
fluid through conduit 16 into an upper closed vessel 10', 
the wetting enclosure. A discharge conduit 26 connected to 
the bottom of the upper vessel connects the upper vessel 
*ith a closed lower vessel 28', the discharge vessel. The 
lower vessel 28' is almost filled with a suspension of 
fibrous material and wetting fluid discharged from the 
upper vessel 10'. The discharge conduit 26 is arranged to 
penetrate deep into the lower vessel 28" below the upper 
surface of the suspension therein, in order to provide a 
25 seal between the upper vessel 10' and the lower vessel 28 

Wetting fluid and fibrous material immersed in the fluid is 
forced by the difference in level between the upper and 
lower vessels to flow from the upper vessel into the lower 

30 vessel, thereby inducing a vacuum in the upper level. The 
pressure in the lower level is maintained at a higher 
level, e.g. at ambient pressure. The two vessels are 
located at such levels that a necessary difference in 
pressure between the two vessels is achieved, to provide 

35 for the vacuum treatment needed for sucking out air from 
the fibrous material in the upper vessel and the rise in 
pressure to provide for the wetting of the fibers in the 



WO 99/39043 



PCT/FI99/00055 



11 

lower vessel. 

An outlet conduit 38 is provided in the lower vessel 28' 
for discharging wetted material therefrom. Valves 14, 18 in 
5 inlet conduits 12 and 16 and valve 40 in the outlet conduit 
38 may be controlled to control the continuous flow of 
material through the two vessels and the pressure levels in 
the two vessels. The fibrous material is arranged to flow 
at a suitable velocity through the two vessels to achieve 
10 desired wetting of the material. 

The present invention provides following advantages: 

- the vacuum-wetting process allows fibers to be separated 
more rapidly from layered material, such a milk carton 

15 board or liquid carton board, whereby smaller and cheaper 
process vessels may be used for the slushing, washing and 
separation than before; some process steps may even become 
unnecessary; 

- smaller volumes of contaminated material have to be 
20 separated from the process as fiber material is more 

completely recovered and not included in the contaminants 
anymore; 

- the size of non-fibrous material is not reduced in this 
process as much as during earlier processes, the non- 
25 fibrous material remains in a size which allows for easy 

separation thereof; 

- substantially shorter time is needed for subsequent 
process treatment steps, such as bleaching, as the fibrous 
material is more completely wetted; shorter bleaching time 

30 means less damage on the fiber material; 

- production may be substantially increased if same size 
production apparatus is used as earlier; 

- or the same production as earlier may be achieved by 
substantially smaller production apparatus; 

35 - the wetting fluid, into which additives or treatment 
agents may be solved or mixed, is immediately brought deep 
into air containing fibrous material, which allows the 
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additive or agent to immediately work from within the 
material; 

- wetting fluid penetrated evenly into air containing 
fibrous material, provides an even treatment of the 

5 material; 

- the fibrous material is completely wetted in shorter time 
than in earlier known wetting processes, the fibrous 
material thereby also swelling more rapidly than before to 
a maximal size; 

10 - often mechanical pretreatment steps , such as cutting, 
chopping and disintegration, for providing a larger wetting 
surface, are not necessary when 

wetting air containing fibrous material with the present 
vacuum process. 

15 

Short wetting impulses, i.e. short vacuum and pressure 
pulses have appeared to be very advantageous for wetting 
air containing fibrous material. Very short pulses of- only 
some seconds < 1 minute, preferably < 30 seconds, more 
20 preferably < 10 seconds, may be used. The length of period 
and the need of repeated treatment periods depends on the 
fibrous material which is to be wetted. Heating of the 
wetting fluid also tends to improve the present wetting 
process . 

25 

The present vacuum wetting process is particularly useful 
when wetting layered fibrous material, such as liquid 
carton board, in which the fibrous material is layered on 
both sides by an impervious layer. Wetting starts at all 

30 sides of the coarsely shredded material pieces in the 
wetting vessel. By repeating several times the short vacuum 
and pressure steps layer after layer of fibrous material 
may be dislodged from the sides of the layered material, 
without having to cut the layered material into small 

35 pieces and without having to maintain already dislodged 
fibers in the treatment vessel until all fibers are 
dislodged, loosened. The treatment of tight, water 
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impervious, layered material may of course be speeded up by 
gently making the upper layers porous, such as to allow 
penetration of l iq u id in between ^ ^ ^ 

chemxcals, such as surface tension decreasing agents or 
5 other common wetting agents may be used to improve wetting 
in the present wetting process. 

The present invention may be used for wetting of tape 

in ^T^ 1 ' glUed PaPSr ' taPS With silicon -ating, 

10 wxthout having to first solve the glue material. The 

present invention provides a wetting process in which 

contamxnants are very gently treated and therefore are 

easxly separated from the fibers, often in only one or a 

few separation steps compared to earlier processes. 

The vacuum wetting process may besides common wetting and 
swelling, defloration, be used for 

- treatment of fibers with hydrophobic or hydrophile 
agents; 

- deep-coloring of fibers; 

- flame-guarding of fibers; 

- bleaching of fibers; 

- increasing wet-strength of fiber material; 

- impregnation of fibers. 

The present invention is not to be limited to the exemplary 
applications mentioned in the present description, but 
should on the contrary cover all applications possible 
within the scope and spirit of the appended claims 
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Claims 

1. A method for wetting fibrous material, such as coarsely 
shredded waste paper, comprising the steps of: 
5 (a) introducing the fibrous material into a wetting 

enclosure ; 

(b) introducing wetting fluid into the wetting 

enclosure and allowing the fibrous material to be 
wetted by the wetting fluid and 
10 (c) discharging a suspension of wetted fibrous 

material and wetting fluid from the wetting 
enclosure, 
characterized by the further steps of: 

(d) decreasing the pressure within the wetting 
15 enclosure during step (a) or step (b) to a 

pressure pj and 

(e) after step (d) increasing the pressure within the 
wetting enclosure to a pressure p 2 while keeping 
the fibrous material immersed in the wetting 

20 fluid. 

2. A. method according to claim 1, charactmH*^ h y 
repeating steps (d) and (e) at least two times. 

25 3. A method according to claim 1, characfc^i ~ri h y 
decreasing the pressure in the wetting enclosure during 
step (d) to correspond to 1 - 10 ■ water column. 

4. A method according to claim l, character* zej hv 
30 repeating the decreasing and increasing pressure steps 
within the wetting enclosure within an interval of < 1 
minute, preferably < 30 seconds, most preferably < 10 
seconds. 

35 5. A method according to claim 1, character* hy 
following consecutive steps: introducing a batch of the 
fibrous material into the wetting enclosure, decreasing the 
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pressure in the enclosure introrf,^ 
6. A method according to claim i 

fibrous material into the wetting . he 

^ £luld lnto ^ z^zzz-' ; ntroduein9 

8. A met hod according to claim l, ch^erized^ 

flu\d tr0d r in9 fibr ° US aaterial and netting 

ltrr y int ° 9 firSt Wetti ^ -closure 
havxng a subatmospheric pressure Pl therein 

- transporting the mixture of fibrous material and 
wetting fluid from the first wettino ! i 
• , , wetting enclosure 

into a second wetting enclosure with a pressure o 
which is higher then the pressure p, " 

vetti^? 1 ,", 9 T° Bl "° re °* " b "-'-««i=l and 
Into ^ ^ -«="-« -closure 

sit third wetting enclosure having a 
subatmospheric pressure p 3 therein 

wetttnTrt 1 "? T "* — 

wetting fluid froa the third wetting enclosure 

into a fourth wetting enclosure having a pressure 
P4 > P 3 therein. 



9- An apparatus for wetting fibrous material such 
coarsely shredded waste oaner <-h *«*rxal, such as 

35 - a wetting enclosure! °°~-»« 

- means for introducing the fibrous material info *h 
wetting enclosure; «erxal into the 
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- means for introducing wetting fluid into the wetting 
enclosure and 

- means for discharging a suspension of wetted fibrous 
material and wetting fluid from the wetting enclosure, 
characterized in that 

- the wetting enclosure is a vacuum vessel or similar, 
which withstands a vacuum of at least up to 1 - io m water 
column therein, and 

- the apparatus further includes: 

- means for decreasing the pressure within the wetting 
enclosure to a pressure p x < ambient pressure and 

- means for rapidly increasing the pressure within the 
wetting enclosure to a pressure p 2 > p x . 

15 10. An apparatus according to claim 9, character- i i n 
that the wetting enclosure includes 

- at least one inlet duct for introducing fibrous material 
and wetting fluid into the enclosure, 

- a valve for closing the at least one inlet duct, 

20 - an outlet duct for discharging a suspension of fibrous 
material and wetting fluid from the wetting enclosure, 

- a seal, such as a valve, a seal pot, or a U-bend, in the 
outlet duct for allowing vacuum to be established in the 
wetting enclosure, 

25 - means, such as a vacuum pump, for establishing 
subatraospheric pressure within the wetting enclosure. 
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